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Claims 



l A type of laser beam side irradiating fiber characterized 
by the' following facts: an inclined surface is formed at the tip 
of a fiber base conductor made of a core and a cladding with 
refractive indexes different from each other at an angle in the 
range of about 35-40- to the central line of the fiber base 
conductor; the end portion including the inclined surface xs 
fitted with a transparent cylinder with one of its terminals 
closed to form an air layer adjacent to the aforementioned 
inclined surface, so that the inclined surface is used as a total 
reflection surface for the laser beam side irradiating fiber; the 
aforementioned transparent cylinder is equipped with at least two 
coating layers, the transparent cylinder and fiber are connected 
to each other by a pipe, and the laser beam output surface of the 
transparent cylinder is coated with an antiref lecti on 

2. The laser beam side irradiating? fiber des-crlbed in Claim 
1 characterized by the fact that the aforementioned 

antiref lection coating is formed by coating on the plane portion 
formed on the transparent cylinder. 

3. The laser beam side irradiating fiber described in Claim 
1 characterized by the fact that the aforementioned connecting 
pipe encloses almost the entire transparent cylinder which forms 
the laser beam output opening. 
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4. The laser beam side irradiating fiber described in claim 
2 characterized by the fact that on the aforementioned 
transparent cylinder, a total reflection coating is formed on the 
surface roughly symmetric to the surface on which the 
aforementioned antiref lection coating is formed with respect to 

the central line. 

5. The laser beam side irradiating fiber described in Claim 
2 characterized by the fact that for the aforementioned fiber 
conductor, a third coating layer is arranged on the opening 
portion with an outer diameter roughly equal to (that of 1 the 
transparent cylinder in contact with it. 

6 The laser beam side irradiating fiber described in Claim 
5 characterized by the fact that the aforementioned connecting 
pipe is a heat-shrinking tube. 

P^ned e rr -1 *"*^ 0 " of thft invention 

Industrial application field 

This invention concerns a type of laser beam side 
irradiating fiber. Hore specifically, this invention concerns a 
type of laser beam side irradiating fiber used for irradiating 
the laser beam from the side onto the lesion in the lumina of 
viscera via an endoscope. 

Background of the invention 

With rapid progress achieved in the laser technology and 
light transmission fiber technology, the diagnosis and treatment 
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of lesions, such as tumors, etc., in lumina of viscera by 
endoscopic irradiation of a laser beam Have been actually used in 
clinical operation. There are several types of fibers used for 
leading the laser beam endoscopically into the lumina of viscera 
for irradiation, such as the front radiating fiber which has an 
output end surface at a right angle to its length direction, and 
the side irradiating fiber which outputs the laser beam through 
its side surface (with the laser beam] at right angle [to the 
length direction] . When the laser beam is to be used to 
irradiate the lesion in a narrow channel, such as in the 
esophagus, trachea, intestines, etc., it is desired that the 
energy irradiated onto the lesion be uniform over the entire 
lesion. For this purpose, the present applicant proposed in 
Japanese Patent Application No. Sho 59[1984]-187782 a type of 
laser beam side irradiating fiber which can irradiate the lesion 
in the normal direction, that is, in the direction perpendicular 
to the wall of the channel. In the laser beam side irradiating 
fiber disclosed in Japanese Patent Application No. Sho 59 
[1984]-187782, the output surface is formed as an inclined 
surface at about 45- to the central line of the fiber base 
conductor; the aforementioned inclined surface is fitted with a 
transparent cylinder with one end closed in a shape free of an 
acute angle; since an air layer is formed on the back of the 
fiber's output inclined surface, it becomes a total reflection 
surface so that the laser beam transmitted in the fiber is bent 
and outputted from the side surface of the fiber. More 
specifically, the design may be explained with reference to 
Figure 6. Figure 6 is a cross-sectional view of a conventxonal 
laser beam side irradiating fiber. Fiber conductor (11) is a 
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conventional optical fiber conductor made of a core and a 
cladding having different refractive indexes. It is a fused 
silica fiber with a core size of 400 m and an outer diameter of 
the cladding layer of 650 /m. Fiber conductor (11) is covered 
over its entire length with a primary coating layer (12) made of 
a synthetic resin. Fiber conductor (11) with primary coating 
layer (12) formed on it is further protected by a flexible 
protective coating pip* (13) , which is used to prevent cracks 
formed on fiber base conductor (11) and to prevent folding of 
fiber base conductor (11) . This protective coating pipe (13) is 
preferably made of vinyl type resin material, nylon, teflon, or 
other synthetic resin material. In order to bend the transmitted 
laser beam so that it is outputted in a direction at right angle 
to the length direction of the fiber, the end portion of fiber 
base conductor (1*) is formed as an inclined surface (14) at 
about 45- to the central line of fiber base conductor (11), and 
this inclined surface is polished to a smooth optical-quality 
surface. Primary coating layer (12) and protective coating pipe 
(13) are peeled off for a length of the tip portion including 
inclined surface (14) at 45- formed on fiber base conductor (11) . 
For the output end, fiber base conductor (11) with primary 
coating layer (12) and protective coating pipe (13) peeled off is 
fitted with a transparent cylinder (15) with a circular cross- 
section and with one end closed to a hemispherical shape, 
followed by air-tight sealing using an epoxy type adhesive (16). 
inclined surface (14) of fiber base conductor (H) is set 
appropriately to ensure formation of an air layer (17) between 
the inner surface of cylinder (15) and inclined surface (14) of 
fiber base conductor (11) within transparent cylinder (15). A 
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step portion (18) is formed over the entire circumference of the 
opening end side of transparent cylinder (15) . The fiber base 
conductor (ll) is protected over the entire length by Teflon or 
other flexible material on the step portion (18) . For the 
purpose of reinforcement, it is bonded to the tip portion of a 
reinforcing tube (19) ; or. the tip portion of the reinforcing 
tube may be heated to expand its inner size and then cooled to 
shrink for attachment after the [fiber] is inserted. For this 
reinforcing tube (19) , a circular cross-sectional gap (20) is 
formed over tne entire length between its inner periphery and 
protective coating pipe (13) of fiber base conductor (11). For 
this purpose, it has a sufficient inner diameter and an external 
shape almost identical to the external shape of transparent 
cylinder (15) . 

on a portion of transparent cylinder (15) , a groove (20) 
connected to said gap (21) is formed when the tip of fiber base 
conductor (11) and the tip of reinforcing tube (19) are fitted in 
the opening end of said transparent cylinder (15) . 

Although the aforementioned laser beam side irradiating 
fiber is very effective when it used as direct-viewing endoscopic 
equipment, it nevertheless has the following disadvantages: 

First of all, since a thin air layer is formed between the 
inner wall surface and the outer wall of the fiber base conductor 
in the length direction of the transparent cylinder, the 
interface acts as a reflective surface. Consequently, a beam is 
formed in a direction different from the desired direction, in 
particular, in the opposite direction (that is, a leakage beam) . 
Since the leakage beam has a high energy, it may unintentionally 
burn the normal tissue outside the lesion. In order to eliminate 
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the interface reflection caused by the aforementioned air layer, 
a very high fitting precision has to be realized by increasing 
the manufacturing precision of the outer diameter of the fiber 
base conductor and the inner diameter of the cylinder, so that no 
air layer is left between these two parts. This is nevertheless 
undesired for mass production. Even if this can be realized, 
.ince the tip has a sharp shape with an angle of 45% it is 
rather difficult to insert the fiber base conductor made of, say, 
fused silica, into the cylinder without hitting the cylinder. 
Consequently, the cost of assembly operation is boosted. 

in addition, other leakage beams may also be generated in 
addition to the aforementioned leakage beam caused by the 
aforementioned air layer interface. This leakage beam is axially 
propagated from the probe. This is because as depending on the 
transportation mode of the laser beam incident into the fiber, 
when the incident angle at the total reflection surface becomes 
smaller than the critical angle, for a certain portion of the 
incident laser beam, this portion of laser beam is not reflected 
to the side, and it passes the 45- inclined surface and goes 
forward. Just like the aforementioned leakage beam caused by 
reflection from the interface, this leakage beam also may bum 
the normal tissue outside the lesion. 

The third problem of the conventional laser beam side 
irradiating fiber is related to its damage due to folding during 
the application process. That is, in the operation mode as 
endoscopic equipment, the fiber probe is not led to the target 
portion in the body along a straight line. Instead, in order to 
trap the lesion within the viewfield of the endoscope, the fiber 
has to be bent in three dimensions to reach the target portion in 
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the body along the path for insertion. The leading passage is 
usually the so-called pincer channel, that is, a passage for 
leading operating pincers and with inner diameter of 2-3 mm. For 
the present endoscope, the bending radius of this pincer channel 
i. rather small. In this case, when the fiber is to pass through 
a bend, an external force in a direction crossing the axial 
direction is applied to the tip portion of the fiber. As can be 
seen from Figure 6, in this state, a large external force is 
applied on the cylinder and its vicinity in a direction different 
from the axial direction, a shear force is generated at the 
boundary between the portion of the fiber base conductor covered 
with the rigid cylinder and the portion covered by the flexible 
coating layer and coating tube, in some cases, the cylinder may 
fall off and be left in the body. This is extremely dangerous. 

There are also problems related to the application as an 
endoscope, or, in particular, as a direct-viewing endoscope. 
That is, in this case, it is necessary to confirm that both the 
aiming beam and the laser beam for treatment are within the vxew 
field of the endoscope. Consequently, the tip of the fiber probe 
has to protrude over the tip of the direct-viewing endoscope. 
As the amount of protrusion is increased, it becomes more 
difficult to make a fine adjustment of the laser beam irradiating 
direction by adjusting the degree of bending of the tip of the 
endoscope. In addition, the bending operation by adjusting the 
degree of bending of the tip portion has to be carried out with 
great care. In particular, care should be paid to avoid the 
danger caused by contact between the tip of the fiber probe and 
the bent narrow channels. This contact causes accumulation of 
mucosa, blood, or other foreign matter on the fiber probe, in 
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•particular, on the cylinder. Deposition of the foreign matter 
causes absorption of the laser beam, which may lead to heating 
and burning of the cylinder. 

purpose of the invention 

The purpose of this invention is to solve the aforementioned 
problems of the conventional methods of laser beam side 
irradiating fiber by providing a new type of laser beam side 
irradiating fiber characterized by the fact that there is no 
harmful leakage beam, and there is no damage caused by folding. 

Another purpose of this invention is to provide a type of 
laser beam side irradiating fiber characterized by the fact that 
the protrusion amount is small at the tip portion when it is used 
together with an "endoscope. 

Summary of the invention 

This invention provides a type of laser beam side 
irradiating fiber characterized by the following facts: an 
inclined surface is formed at the tip of a fiber base conductor 
made of a core and a cladding with refractive indexes different 
from each other at an angle in the range of about 35-40- to the 
central line of the fiber base conductor; the end portion 
including the inclined surface is fitted with a transparent 
cylinder with one of its terminals closed by a portion having no 
acute angle, or preferably by a hemispherical surface and with 
its inner diameter sufficiently large with respect to the outer 
diameter of the fiber base conductor to form an air layer 
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adjacent to the aforementioned inclined surface,- an 
antireflection coating is formed on one side of the outer surface 
of the cylinder, while a total reflection film is coated on the 
other side of the outer surface. 

Furthermore, according to this invention, the laser beam 
side irradiating fiber has a configuration in which the 
transparent cylinder is fitted with a portion of it overlapped 
with the protective coating of the fiber conductor. 

Also, according to this invention, for the laser beam side 
irradiating fiber, a plane parallel to the central axial line is 
formed on a portion of the transparent cylinder, and at least an 
antireflection coating is coated on the aforementioned plane. 

in the aforementioned configuration of the laser beam side 
irradiating fiber, its output end is made of an inclined surface ^ 
at an angle of 35-40* and is used as a total reflection surface, 
in addition, an antireflection coating is formed on a portion of 
the side surface of the transparent cylinder covering tne 
aforementioned total reflection surface, and a total reflection 
film is coated on the opposite side of the outer surface. 
Consequently, the harmful leakage of laser beam can be prevented, 
since the aforementioned antireflection coating and total 
reflection film are coated on the portions of the cylinder 
processed to planes, the functions of the films can be displayed 
reliably. 

In addition, as the transparent cylinder is fitted with the 
protective coating portion of the fiber base conductor, the 
external force applied on the cylinder can be absorbed easily by 
the protective coating portion. Consequently, damage to the tip 
of the fiber base conductor caused by folding can be prevented.. 
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Application examples 

in the following, the laser beam side irradiating fiber in 
this invention will be explained in more detail with reference to 
application example* illustrated by the annexed figures. 

Figures 1-4 show an application example of the laser beam 
side irradiating fiber of this invention. Figure 1 is a 
schematic diagram. (1) represents a laser beam side Irradiating 
fiber (referred to as irradiating probe hereinafter) , with the 
laser beam emitted from a laser device not shown in the figure 
transmitted to its exit end. The irradiating probe is made of a 
core fiber (11) and a cladding layer (see Figure 2) as in the 
conventional scheme. For example, it may be a fused silica fiber 
in which the laser beam makes repeated reflection during 
transmission within the probe. Although this irradiating probe 
(1) ,nay be used in its original form, it may also be used via an 
endoscope when treatment is to be performed on lumina of viscera 
without celiotomy. That is, after observation head (2A) of a 
conventional endoscope (2) is inserted into the desired channel, 
irradiating probe (1) is led into the channel through the 
inserting passage for pincers, etc. arranged for the endoscope 
(as indicated by insertion opening (2B)). For output end (1A) of 
irradiating probe (1) , the radiation direction can be adjusted 
together with the observation field of view by means of a bending 
knob (2C) of the endoscope as well as observation head (2A) of 
endoscope (2). 

The configuration of radiating end (1A) of irradiating probe 
(1) can be explained with reference to Figures 2(A), (B) , (O and 
Figure 3. 
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Piber conductor (11) used as the laser beam side irradiating 
fiber in this invention is made of a core and a cladding having 
different refractive indexes as in the conventional design. The 
optical fiber conductor may be made of either glass or plastic 
material. In the case of this application example, the fused 
silica fiber base conductor is made of a core with a size of 
400 /i» and a cladding layer with an outer diameter of 650 fin. 
These diameters may be selected according to the specific 
application purpose. As shown in the figure, over the entire 
length of the fiber base conductor, irradiating probe (1) is 
covere^by three coating layers. The first coating layer (12) is. 
knowif as I primary coating layer, such as a coating layer made of 
silicon^ /The second coating" layer (13) is a coating tube, such 

in tube. The third coating layer (16) is a coating tube, 
such as a teflon tube. First and second coating layers (12) , 
(13) are the same as those in the conventional optical fibers. 
They are not used directly for transmitting light. Instead, they 
are merely used for preventing generation of cracks on the fiber 
base conductor, and for preventing damage to fiber base conductor 
(ll) by folding. Third coating layer (16) is a portion of the 
special features of this invention. It will be explained in 

detail later. " 

The output face of fiber base conductor (11) is an optically 
smooth inclined surface (14) at an angle of about 35-40- with 
respect to the central line of fiber base conductor (11) . For 
fiber base conductor (11) with inclined surface (14) formed at 
its tip, over a length including its tip, first through third 
coating layers (12) , (13) , and (16) are removed by peeling. In 
particular, the third coating layer is peeled for a portion with 
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an even larger length. With the exposed portion of fiber base 
conductor (11) included, the exposed portion of second coating 
layer (13) is fitted with a hollow cylinder (15) with a 
transparent circular cross-section and with one end closed to a 
hemispherical shape. The opening end of hollow cylinder (15) is 
in close contact with the tip of third coating layer (16) . It is 
preferred that an adhesive be used to make the contact portion 
between the coating layer and the cylinder body. As can be seen 
from Figure 2 (c) , on cylinder body (15) , nearly parallel plane 
portions (15A) and (1SB) are formed opposite to each other. 
Consequently, although the outer diameter of coating (16) is 
nearly identical to that of cylinder (IS) , there is still a 
significant step with cylinder (IS) at said plane portions (15A) 
and (1SB). 

Cylinder (15* and third coating layer (16) are fitted with a 
heat-shrinking tube (17) , which fastens and protects them by 
means of the heat-shrinking effect. Although there is a step at 
the joint portion with plane portions (ISA) , (15B) of cylinder 
(15) , these portions are also tightly fastened due to the 
shrinking effect of heat-shrinking tube (17) . 

An antiref lection coating is formed on planar portion (15A) 
of cylinder (15) , and a total reflection film is formed on plane 
portion (15B) . 

For the irradiating probe (1) of this invention with the 
aforementioned configuration, when a laser beam is emitted from a 
laser device not shown in the figure, the laser beam transmits 
the fiber conductor (11) by repetitive total reflection in the 
conventional form, it is then totally reflected at inclined 
surface (14) , passes through transparent cylinder (15) containing 
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plana portion (ISA) , so that the laser beam is projected forward 
in the direction o£ 60-75». since an antiref lection coating is 
applied on plane (ISA) , the generation of a reflected beam can be 
prevented. On the other hand,the reflected beam from the other 
interface cannot pass through plane (15B) since a total 
reflection film is applied to this plane. 

For irradiating probe (1) with the aforementioned 
configuration, the generation of undesired leakage beams due to 
reflection at the interface with the air layer present in the 
cylinder and their output in the undesired direction can be 
prevented by the total reflection film coated on plane portion 
(15B) . Even when the leakage beam cannot be completely 
prevented, it can at least be alleviated to a level at which no 
thermal destruction takes place for the normal portion in the 
medical sense. Consequently, an air layer between the inner 
surface of cylinder (15) and the outer surface of fiber conductor 
(11) is allowed to be left there. 

This feature significantly facilitates the operation for 
installing cylinder (15) on the fiber. That is, in this case, 
there is no need to make a strict control on the precision of 
fitting between cylinder (15) and the fiber. In addition, as 
there is a difference in dimensions between the aforementioned 
inner diameter and outer diameter corresponding to the thickness 
of the first and second coating layers, the insertion of fiber 
base conductor (11) can be performed easily without the tip 
bumping on cylinder (15) . This improves the operation 
efficiency. 

For the bonding portion between cylinder (15) and fiber, 
instead of a direct bonding between cylinder (15) and fiber base 
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conductor (11) , bonding is performed via first and second coating 
layers (12), (13). Consequently, the conventional state in which 
both the rigid portion and the flexible portion are arranged on a 
sane plane (the plane at right angle to the central line) can now 
be avoided. Hence, even when a large external force is applied 
to cylinder (15) , it does not become a shear force applied 
directly on the fiber base conductor. Consequently, the problem 
of damage to the tip of fiber base conductor (11) by folding in 
the conventional design can now be avoided. 

Since the irradiating direction is forward with angle in the 
range of 60-75' with respect to the central line of the fiber 
wire (11), as can be seen from Figure 4, the amount of protrusion 
from the tip of the endoscope is shorter than that in the 
conventional case of 90* side irradiation (see Figure 4(A)). In 
this case, although for certain shapes of lesion (represented by 
o) , a shadow portion may be present for the irradiating beam, the 
same function as in the conventional case of 90- side irradiation 
can still be realized by inserting the endoscope deeper and then 
bending observation head (2A) of the endoscope a little. In 
Figure 4, W represents the wall of the channel for treatment. 

in the aforementioned application example, planes (15A) and 
(15B) are formed respectively on the side of the output side of 
cylinder (15) and the opposite side. However, in the case when 
the leakage beam is small, plane (15A) may be omitted, and the 
total reflection film may be coated directly on the curved 
surface, or the total reflection film may even be omitted 
completely. On the other hand, for the output side of the 
irradiating beam, although plane (15A) may be omitted in certain 
cases, the total reflection film is nevertheless a must. As far 
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as the properties of the coating film are concerned, although a 
uniform film may be formed on a curved surface, usually, for the 
film coated on the curved surface by means of the evaporation 
method, the film thickness tends to decrease from the center to 
the sides. Consequently, the portion with the desired film 
properties is limited only to a very narrow portion near the 
center. Consequently, in the case when plane (15A) is formed, 
the film over the entire plane range can meet the design 
requirement on the film. 

Plane (15A) formed for the aforementioned purpose is 
beneficial for specifying the relative positions of fiber base 
conductor (11) and inclined surface (14) in the assembly 
operation of the irradiating probe. That is, for the cylinder 
with a length of about 9 mm and an outer diameter of about 2 mm 
With a coating film but without a plane portion, it is difficult 
to make a visual determination, and it is thus very difficult to 
have the coating f iUa portion in alignment with the output 
direction of the fiber base conductor. On the other hand, when a 
plane is formed on it, it can be seen by a glance, and the 
assembly operation can be carried out easily. 

Figure 5 shows another application example of this 

invention. 

This application example differs from the first application 
example only with respect to the shape of the heat-shrinking 
tube. The other features are identical to those in the first 
application example. 

As shown in Figure 5, heat-shrinking tube (27) has a 
circular opening (28) corresponding to the beam exit portion of 
cylinder (15) , and it covers the entire body of cylinder (IS) . 
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in this application example for the action of heat-shrinking tube 
(27), when cylinder (15) is damaged for certain reasons, no 
fragments will be left in heat-shrinking tube (27) , and it can be 
removed from the body easily. 

Effects of the invention 

The laser beam side irradiating fiber of this invention can 
be led into the lumina of viscera via an endoscope, the lesion 
can be irradiated almost with normal incidence of the laser beam; 
no damage due to folding takes place when it is inserted into 
very fine endoscopic leading passages with a small tolerable 
radius of curvature, and the leakage beams can be reduced to a 
level on which the normal tissue is not damaged. 

wrjef ey plattation y+ figures 

Figure l is a schematic diagram illustrating the application 
state of the laser beam side irradiating fiber of this invention. 
Figure 2 (A), (B) , (C) are cross-sectional views illustrating an 
application example of the laser beam side irradiating fiber in 
this invention. Figure 3 shows the appearance of the laser beam 
side irradiating fiber in Figure 2. Figures 4 (A), (B) compare 
the tip protrusion length between the conventional laser beam 
side irradiating fiber and the laser beam side irradiating fiber 
in this invention. Figure 5 shows the appearance of another 
application example of the laser beam side irradiating fiber of 
this invention. Figure 6 is a cross-sectional view of a 
conventional laser beam side irradiating fiber. 
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1, Irradiating probe 

2. endoscope 

11 , fiber base conductor 
12; 13, 16, coating layers 

14, Inclined surface 

15, transparent cylinder 
17,27, connecting pipe 
28, irradiating opening 




Figure 1. 
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Figure 2. 




Figure 3 . 



94/OS/M 15:57 ©512 4^691 RALPH McELROY ^ ®023 



21 




